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Abstract. Development of technology in industrial field specially automotive needs specific materials with

good properties. Aluminum materials are as alternative to answer this challenge. Aluminum alloy that is being

developed by Cu doped will be found the new material with good properties. In this report, we have
synthesized AlCu alloy using hot mixing method. The composition of 95.1 to 96.2 wt % of Al and 3.8 to 4.9
wt% of Cu were synthesized by melting and mixing process at a temperature of 1100 °C. Analysis of the
structure of x-ray diffraction data for Al-Cu showed a single phase of Al for all compositions. The mechanical
properties such as hardness of highest vickers of alloy of 96.2% Al - 3.8% Cu is 80 kg/mm? for cooling in

room temperature.

1 Introduction

In the development aluminium alloys, various results have
been published on the structure, mechanical properties
[1-4] and their degradation at various conditions of the
alloys [5-9]. Several methods of processing of aluminium
alloys have been demonstrated by different authors
[2,5,8,10-14]. Alloying addition have been reported to
successfully enhanced the aluminium alloy properties
such as corrosion resistant and mechanical properties
[5,15,16]. The aluminium alloy containing Al-Mn and Al-
Mg [5] alloys are the least resistant to corrosion under
various conditions. In this paper we have investigated
pure aluminium (Al) containing various copper (Cu). In
order to enhance mechanical properties, the addition of
3.8 wt %, 4.4 wt % and 4.9 wt % of Cu have been
prepared. The composition of Al-Cu alloys were
synthesized by melting and mixing process at a
temperature of 1100 °C. Structure analysis using x-ray
diffraction (XRD) to show Al phase of all compositions
and Scanning Electron Microscope (SEM)-EDAX for
examination of microstructure. The hardness vickers
method to evaluate mechanical properties of Al-Cu alloys.

2 Experimental procedure

In this work, aluminum (Al) and copper (Cu) are chosen
to be combined through a melting process for the purpose
of increasing mechanical properties. The starting
materials include Al and Cu solids with a purity of more
than 98% which are both melted at 1100 ° C. After the
smelting of Al-Cu alloy is printed on metal sheet metal for
quick cooling process. A Phillips X-ray diffraction system
was used to obtain the X-ray diffraction pattern of the Al-

Cu alloy. The microstructures of the samples were
invested by scanning electron microscopy (JEOL JED-
2300LV) equipped with energy dispersive X-ray analyses
(EDAX) to determine the composition of contents at each
sample position. Mechanical properties of Al-Cu alloys
were evaluated by microhardness tested at the cross
section of surface Al-Cu samples with a load of 200 g and
duration of 5 s using a Vickers optic microhardness tester.

3 Results and discussion

Phase composition of Al-Cu alloys were examined by
XRD, the result is shown in Fig. 1. It shows for all of
composition 3.8 wt %, 4.4 wt % and 4.9 wt % of Cu that
the main phases of aluminum (Al) and no second phase.
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Fig. 1. XRD pattern of Al-Cu alloy with Cu 3.8 wt %, 4.4 wt %
and 4.9 wt %.

This indicates that Cu has entered into Al structure to
form Al-Cu alloy. However, when XRD diffraction

’ Corresponding author: anggorobs1960@yahoo.com; erfan@unj.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 197, 02009 (2018)
AASEC 2018

https://doi.org/10.1051/matecconf/201819702009

patterns have been seen irregular changes in peak
intensities in (111), (002), (022), and (113). Thus Al with
the addition of Cu has altered the crystal structure.
According to SEM and EDAX analysis (shown in Fig
2), there are three areas: the gray areas (Fig.2c) showing
the dominant amount, the black areas which are the grain

boundary and the white areas attached to the grain
boundary area. The results of EDAX analysis to Al-Cu 3.8
wt% alloy in three regions can be seen that Cu is white
area in grain boundary in large amount (Fig 2b) and in
gray area not found Cu while in black area Cu in small
amount (Fig. 2a).
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Fig. 2. SEM photograp and EDAX with different position analysis of Al-Cu ingot with Cu 3.8 wt%.
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Fig. 3. SEM photograp of Al-Cu with Cu 3.8 wt %.

Figure 3 is the microstructure of Al-Cu alloy which
melted at temperature 1100 °C. It can be seen that the
grains and grain boundary clearly observed. Al-Cu alloy
has a large grain shape with size in length about more than
300 um and width 100 pm. The grain shape is like a
dendrite form which is the result of a rapid cooling
process. White layer which coated the grain boundary of
Al. The black area of the grain boundary is seen as an
empty area with a small amount of Cu due to the large
grain size of Al.
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Fig. 4. The Vickers’ microhardness of Al-Cu ingot with various
Cu contents.

The Vickers’ microhardness results are summarized in
Fig. 4. Al-Cu alloy with Cu 3.8 wt % had the highest value
at 80 kg/mm?, and Al-Cu ingot with Cu 4.9 wt % had the
lowest microhardness of 20 kg/mm?2. The microhardness
decreased as the initial Cu contents increased. Both grain
size and relative density (vacancies in garin boundaries)
could affect the microhardness. In addition to the effect of
Cu contents influences microhardness.
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4 Conclusion

Al-Cu alloys have synthesized that were melting at at
temperature 1100 °C. The effect of Cu on the
microstructure and mechanical properties of Al-Cu alloys
were investigated. Al-Cu alloy has a large grain shape
with size in length about more than 300 pm and width 100
pm. Al-Cu alloy with Cu 3.8 wt % had the highest value
at 80 kg/mm?, and Al-Cu ingot with Cu 4.9 wt % had the
lowest microhardness of 20 kg/mm?. The microhardness
decreased as the initial Cu contents increased.

References

1. T. A. Khalifa and T. S. Mahmoud, “Elevated
Temperature Mechanical Properties of Al Alloy
AA6063 / SiC p MMCs,” vol. 11, pp. 1-6,(2009).

2. M. Singla, D. D. Dwivedi, L. Singh, and V. Chawla,
“Development of Aluminium Based Silicon Carbide
Particulate Metal Matrix Composite,” vol. 8, no. 6,
pp- 455467, (2009).

3. N. Selvaraj, “Mechanical characterization of
Aluminium silicon carbide composite,” vol. 1, no. 4,
pp- 793-799, (2011).

4. 1. Journal, E. Science, and C. Chief, “Effect of Cold
Quenching On Wear Rate Of Al6061- Beryl
Composites,” vol. 3, no. 10, pp. 73097315, (2011).

5. M. Abdulwahab, I. A. Madugu, S. A. Yaro, and A. P.
I. Popoola, “Degradation Behavior of High
Chromium Sodium-Modified A356 . 0-Type Al-Si-
Mg Alloy in Simulated Seawater Environment,” vol.
10, no. 6, pp. 535-551, (2011).

6. E. Sansoucy, P. Marcoux, L. Ajdelsztajn, and B.
Jodoin, “Properties of SiC-reinforced aluminum
alloy coatings produced by the cold gas dynamic
spraying process,” vol. 202, pp. 3988-3996, (2008).

7. T. S. Srivatsan, “The fatigue and final fracture
behavior of SiC particle reinforced 7034 aluminum
matrix composites,” vol. 33, pp. 391-404, (2002).

8. K. Mizuuchi, K. Inoue, Y. Agari, T. Nagaoka, and M.
Sugioka, “Composites : Part B Processing of Al/ SiC
composites in continuous solid — liquid co-existent
state by SPS and their thermal properties,” Compos.
Part B, vol. 43, no. 4, pp. 2012-2019, (2019).

9. A. Aleem, A. Aleem, Z. Ahmad, P. Paulette, A.
Aleem, I. C. Congress, S. Africa, A. Aleem, Z.
Ahmad, I. Conference, Z. Ahmad, A. Aleem, Z.
Ahmad, A. Aleem, Z. Ahmad, and A. Aleem,
“RESEARCH Publications In Conference,” pp.
2001-2002, (2001).

10. L. M. Tham, M. Gupta, and L. Cheng, “Influence of
processing parameters on the near-net shape
synthesis of aluminium-based metal matrix
composites,” vol. 90, pp. 128—134, (1999).

11. V. Umasankar, M. A. Xavior, and S. Karthikeyan,
“Experimental evaluation of the influence of
processing parameters on the mechanical properties
of SiC particle reinforced AA6061 aluminium alloy
matrix composite by powder processing,” J. Alloys
Compd., vol. 582, pp. 380-386, (2014).

12

13.

14.

15.

16.

. C.Badini, G. M. La Vecchia, P. Fino, and T. Valente,
“Forging of 2124 / SiC p composite : preliminary
studies of the effects on microstructure and strength,”
vol. 116, (2001).

0. Kazim, “The e [ ect of forging on the properties
of  particulate-SiC-reinforced  aluminium-alloy
composites,” vol. 60, pp. 411419, (2000).

D. Mandal and S. Viswanathan, “ScienceDirect
Effect of heat treatment on microstructure and
interface of SiC particle reinforced 2124 Al matrix
composite,” Mater. Charact., vol. 85, pp. 73-81,
(2013).

S. B. Hassan and V. S. Aigbodion, “Effects of
eggshell on the microstructures and properties of Al
— Cu — Mg / eggshell particulate composites,” J.
KING SAUD Univ. - Eng. Sci., pp. 1-8, (2013).

S. C. Sharma, B. M. Satish, B. M. Girish, and D. R.
Somashekar, “Wear characteristics of phosphor —
bronze / silicon carbide particulate composites,” vol.
118, pp. 65-68, (2001).



